Placentas from aborted, stillborn, and premature foals were examined during the 1988 and 1989 foaling seasons, and 236 of 954 (24.7%) had placentitis. Microorganisms associated with placentitis were isolated or demonstrated from 162 of 236 (68.6%) placentitis cases. Leptospira spp. and a nocardioform actinomycete were 2 important, newly emerging bacteria associated with equine placentitis. Major pathogens identified in decreasing order were Streptococcus zooepidemicus, Leptospira spp., Escherichia coli, a nocardioform actinomycete, fungi, Pseudomonas aeruginosa, Streptococcus equisimilis, Enterobacter agglomerans, Klebsiella pneumoniae, and alpha-hemolytic Streptococcus. Pathogens were not recovered in 64 cases (27.1%) and overgrowth by saprophytic bacteria was recorded in 10 cases (4.2%). Twenty-seven cases (16.6%) had mixed bacterial growth and 93 cases (57.4%) had bacteria cultured from both placenta and fetal organs. The majority of the placentitis cases caused by bacteria, with the exception of Leptospira spp. and the nocardioform actinomycete, occurred in 2 forms. One was acute, focal or diffuse; had an infiltration of neutrophils in the intervillous spaces or necrosis of chorionic villi; was associated with bacteremia; and frequently occurred in the placenta from fetuses expelled before or at midgestation. The other was observed from foals expelled at late gestation, was mostly chronic and focal or focally extensive, and occurred mostly at the cervical star area. Chronic placentitis was characterized by the presence of 1 or a combination of the following lesions: necrosis of chorionic villi, presence of eosinophilic amorphous material on the chorion, and infiltration of mononuclear inflammatory cells in the intervillous spaces, villous stroma, chorionic stroma, vascular layer, and allantois. Chorangiosis, hyperplasia with or without squamous metaplasia of the chorionic epithelim, and adenomatous hyperplasia of the allantoic epithelium were frequently associated with chronic placentitis. Leptospira spp. induced, regardless of gestational age, a diffuse placentitis with the presence of a large number of spirochetes in the stromal tissues. The nocardioform actinomycete, a gram-positive, filamentous, and branching bacillus, induced an unique chronic-active focally extensive placentitis located at the base of the horn or at the junction between the body and horn of the allantochorion. Fungi, with the exception of Histoplasma sp. and Candida sp., induced a chronic focally extensive placentitis at the cervical star area similar to that seen in chronic bacterial placentitis. Histoplasma sp. induced a multifocal granulomatous placentitis, and Candida sp. induced a diffuse necrotizing and proliferative placentitis.
Abortion and stillbirth are major causes of equine mortality and cause a severe economic loss to the equine industry. 8, 12, 16 Causes of abortion and stillbirth are many, but placentitis was considered by some workers as the single most important cause. 17, 18 There are few reports on equine placentitis, and comprehensive descriptions of placental changes induced by various pathogens are lacking. Furthermore, the causes of placentitis vary with geographic area and change with time and breeding practice. This study reports the results of a 2-year evaluation of equine placentitis in central Kentucky, with emphasis on correlation of etiologic agents with the pathologic changes in the placenta.
Materials and methods
A total of 954 equine placentas were examined from February 1, 1988 1, , to January 31, 1990 , at the University of Kentucky Livestock Disease Diagnostic Center in Lexington, Kentucky. These placentas were from aborted fetuses and stillborn and premature foals. Of the 954 placentas, 835 were submitted with foals and 119 were submitted alone. The submissions included 714 Thoroughbred, 92 Standardbred, 30 American Saddlebred, and 118 other breeds or unspecified. The gestational age of the submissions covered a wide range; 61 were from foals < 180 days gestation, 99 were 181-220 days gestation, 114 were 221-260 days gestation, 170 were 261-300 days gestation, 400 were 301 days to term, and 110 were of unknown gestational age.
The allantochorion and the amnion with umbilical cord were examined separately. Gross lesions from each case were recorded on a mapping sheet. Routine hematoxylin and eosin (HE)-stained sections were made from the body, gravid horn, and nongravid horn of the allantochorion and from the am-nion and umbilical cord. Sections were made from all detected lesions in the placenta. Special staining included the Brown and Brenn Gram stain, Brown and Hopps Gram stain, Kinyoun's and Fite's acid-fast stains, Giimiiri's methenamine silver stain, or Warthin-Starry stain when needed.
For the isolation of bacteria, the allantochorion and, when available, the stomach content, lung, and liver were cultured on blood agar and eosin methylene blue agar plates at 37 C in 5-10% CO, for a minimum of 24 hr. The plates were examined for pathogenic bacteria, incubated for an additional 24 hr at 37 C in an aerobic incubator, and examined again for pathogenic bacteria. Bacteria were identified using standard bacteriologic procedures. 2 If the nocardioform actinomycete was suspected as the cause of the placentitis, the agar plates were incubated an additional 3 days at 37 C in an aerobic incubator and examined daily for the presence of this organism. In selected cases, attempts were made to isolate fungi by culturing the suspect tissue on Sabouraud dextrose agar and mycobiotic agar plates. These plates were incubated at room temperature in the dark for a minimum of 3 wk and examined weekly for pathogenic fungi. Fungi were identified using standard mycologic procedures. 2 The criteria used for diagnosing a microorganism as the cause of the placentitis were 1) isolation of the microorganism in pure culture and/or numerous numbers from fetal specimens and from the allantochorion, 2) isolation of the microorganisms in numerous numbers and as the predominate microorganisms from the allantochorion if the fetal specimens showed no growth or were not received for culture, and 3) visualization of morphologically similar microorganism associated with lesions in the allantochorion by histopathologic examination. Direct fluorescent antibody tests were run on allantochorion and, if available, kidney smears to detect leptospires.
Fetal fluid from the thoracic cavity or pericardial sac and heart blood were collected and titrated for the antibody against Leptospira spp. by the microagglutination test. 4 Fluorescent antibody tests were conducted on frozen tissue sections of the lung, liver, thymus, and spleen for the presence of equine herpesvirus I antigen. Emulsions from these tissues were inoculated into rabbit kidney cell culture for isolation of equine viral arteritis virus and equine herpesvirus I.
Results
Of the 954 placentas from aborted fetuses, stillborn foals, and premature foals, 236 had placentitis. None of these 236 placentas were from equine herpesvirus abortion cases. Equine viral arteritis virus was not isolated from any placenta or fetus in this study.
Of the 236 cases, 162 (68.6%) had bacteria or fungi demonstrated or isolated, 10 (4.2%) were overgrown by saprophytic bacteria, and 64 (27.1%) failed to yield pathogenic bacteria or fungi. Twenty-seven (16.6%) of the 162 cases in which isolation was successful had mixed bacteria isolated, and 93 of the 162 cases (57.4%) had bacteria cultured both from placenta and fetal organs. The most commonly encountered pathogens associated with placentitis were Streptococcus zooepi- The majority of bacterial placentitis, with the exception of Leptospira spp. and the nocardioform actinomycete, occurred in 2 forms. Acute diffuse placentitis with infiltration of neutrophils in the intervillous spaces or focal necrosis of the chorionic villi was seen in placentas from fetuses expelled before midgestation ( Fig. 1 ). Placentitis from foals expelled at late gestation was chronic, focal or focally extensive at the cervical area and was characterized by necrosis of chorionic villi, presence of eosinophilic material on the chorion, and infiltration of mononuclear inflammatory cells in the intervillous spaces, stroma of villi, chorion, allantois, and vascular layer. Hyperplasia with or without squamous metaplasia of the chorionic epithelium, adenomatous hyperplasia of the allantoic epithelium, and obliteration of the extraembryonic coelom were frequently noted in chronic placentitis (Figs. 2, 3). Most bacteria were able to induce both acute and chronic placentitis, depending upon the gestational age. The nocardioform actinomycete induced chronic placentitis only. Leptospira spp. induced acute to chronic diffuse placentitis. Most fungi induced a chronic focally Note infiltration predominately extensive placentitis, and the foals were expelled late in gestation.
The following are descriptions of placental lesions induced by major pathogens noticed in this study. The pathologic findings were gathered from those cases with single microorganism isolated or demonstrated, and bacteremic cases without cellular infiltrates were not included in this series.
Leptospiral placentitis. Leptospira pomona and L. grippotyphosa were identified in this study. Most leptospiral abortion occurred at 6-9 months of gestation with a few near term or before 6 months of gestation. The mean gestational age was 252.97 ± 36.31 days. Grossly, placentitis induced by Leptospira spp. was diffuse, but lesions varied greatly from 1 case to another. The affected placenta was thick, heavy, edematous, hemorrhagic, and occasionally covered with brown mucoid material on the chorionic surface or lacked detectable gross lesions. Green discoloration or cystic adenomatous hyperplasia of the allantois was observed in some cases. Histologically, the spirochetes were very abundant in the placental sections, especially in the stromal tissues ( Fig. 4 ). Vasculitis and edema in both chorionic stroma and vascular layers were other characteristic lesions. Necrosis of the chorionic villi was observed frequently, but severity was mild to moderate. Infiltrates were mostly mixed inflammatory cells and were seen in the villous stroma and/or the chorionic stroma ( Fig. 4 ). Approximately 50% of the leptospiral placentitis cases had hyperplasia of the chorionic epithelium, and a few had adenomatous hyperplasia of the allantoic epithelium. Fetal antibody against Leptospira spp. was detected in 30 of 35 foals by microagglutination test.
Nocardioform actinomycete-associated placentitis.
The isolated bacterium was gram positive, filamentous, and branching, was not acid fast, and did not belong to the 4 recognized species of Nocardia. It induced a characteristic placentitis that caused abortion at late gestation, stillbirth, or premature birth of nearterm foals. The mean gestational age was 308.21 ± 15.12 days. The gross lesions and their distribution in the placenta were unique. The lesion was focally extensive and frequently located at the base of the gravid and nongravid horn or at the junction between the body and horns of the placenta. The affected areas were very thick, and the chorionic surface was covered with brown, sticky, mud-like material and dotted with white granular structures. When this mucoid material was washed away, the exposed chorionic surface was reddish white mottled and roughened. Histologically, the placentitis caused by this bacterium was chronic-active. In the severely affected areas, the villi were necrotic and the chorion was covered with a thick layer of eosinophilic amorphous material mixed with neutrophils and colonies of long filamentous branching bacteria that were easily discernible in Brown and Brenn Gram-stained sections ( Fig. 5 ) and not stained with acid-fast stains. In the less affected area, the same type of exudate was present in the crypts, and mononuclear cells were present in the villous stroma and chorionic stroma ( Fig. 3) . Adenomatous hyperplasia of the allantoic epithelium and hyperplasia with or without squamous metaplasia of the chorionic epithelium were frequently noted.
Mycotic placentitis. Mycotic placentitis was mostly observed in the late gestational period. Mean gestational age was 302.28 ± 34.74 days. Thirteen of 15 cases were due to filamentous fungi, 1 was due to Can-tensive placentitis at the cervical star and its adjacent dida sp., and 1 was due to Histuplasma sp. Nine of 13 area (Fig. 6 ). The affected area was very thick and filamentous fungi were Aspergillus sp., and 4 were not leathery. The cervical star often became too thick to specified. The filamentous fungi caused a focally ex-rupture during foaling and caused the placenta to break at the junction of the body and horns (Fig. 6 ). Histologically, with the exception of histoplasmosis and candidiasis, the fungi induced a chronic, extensive placentitis characterized by extensive necrosis of the chorionic villi; neovascularization in the chorionic stroma (Fig. 2) ; infiltration of neutrophils, mononuclear cells, or mixed inflammatory cells in the villi and chorionic stroma; and presence of fungal hyphae in the necrotic debris. This type of mycotic placentitis frequently involved the allantois, with obliteration of the extraembryonic coelom and presence of inflammatory cells in the allantoic stroma. As with nocardioform placentitis, adenomatous hyperplasia of the allantoic epithelium and hyperplasia with or without squamous metaplasia of the chorionic epithelium were other frequent findings. Histoplasma sp. induced a multifocal granulomatous inflammation with foreign-body giant cell reaction and little necrosis of the chorionic villi. Candida sp. induced a diffuse, necrotizing, proliferative placentitis with yeast-like spores in the chorionic epithelium and extracellularly.
Streptococcus zooepidemicus-associated placentitis. Streptococcus zooepidemicus induced abortion mostly between 6 and 9 months of gestation and occasionally caused stillbirth. The mean gestational age was 246.77 ± 55.83 days. This bacterium was the one most frequently isolated in this study (Table 1) . Bacteremia with bacteria isolated from the placenta and from multiple fetal organs was noticed in most abortion cases. In fetuses expelled before 8 months of gestation, the placentitis was acute and focal or diffuse and was not easily detectable grossly. Histologically, the allantochorion from acute cases had bacterial emboli with necrosis of chorionic villi or infiltration of neutrophils in the intervillous space. The placentitis in premature foals or foals expelled in later gestation was chronic and focal. Grossly, the chronic placentitis induced by S. zooepidemicus ranged from very subtle to severe. The lesion tended to be located at the cervical star area, where discoloration and thickening were frequently seen. Chorionic necrosis with a coating of mucoid exudate was occasionally seen. Histologically, necrosis of the chorionic villi, infiltration of neutrophils in the chorion, and presence of bacterial colonies were the predominant findings. Obliteration of the extraembryonic coelom was seen in approximately 50% of the cases, but metaplasia or hyperplasia of the chorionic epithelium was rare.
Escherichia coli-associated placentitis. Escherichia coli was isolated from placentitis cases nearly as often as S. zooepidemicus (Table 1) . Abortion due to placentitis caused by E. coli occurred during 7-9 months of gestation, but E. coli caused more stillbirths than abortion. The mean gestational age was 271.31 ± 64.11 days. As with S. zooepidemicus, those foals expelled before 7 months were bacteremic, and placentitis from these foals was acute and not easily detectable grossly. The majority of E. coli-induced placentitis cases occurred after 9 months gestation. The placentitis was chronic and focally extensive and involved the cervical star and the surrounding area of the allantochorion. The lesions induced by E. coli were more extensive and intense than those induced by S. zooepidemicus. In addition to thickening of the placenta and the presence of a white mucoid exudate on the chorion, placental edema was a prominent lesion. Histologically, there was necrosis of villi and neutrophilic infiltration in the villi and often into the chorionic stroma, vascular layer, and allantois. Adenomatous hyperplasia of the allantoic epithelium, hyperplasia with or without metaplasia of the chorionic epithelium, and obliteration of the extraembryonic coelom were observed much more often in E. coli-infected placentas than in those infected with S. zooepidemicus.
Pseudomonas aeruginosa-associated placentitis. Pseudomonas aeruginosa was another important pathogen that caused placentitis. It mostly caused abortion between 6 and 9 months of gestation or occasionally caused stillbirths. Mean gestational age was 261.77 ± 56.55 days. Placentitis induced by P. aeruginosa was mostly acute and either focal or diffuse.
Gross lesions observed in stillborn cases included thickening and discoloration at the cervical star and its adjacent area and edema of the entire allantochorion. Histologically, the main findings were ulceration of the chorion with an infiltration of predominately neutrophils in the villi, chorionic stroma, and vascular layer.
Streptococcus equisimilis-associated placentitis.
Streptococcus equisimilis was isolated mostly from placentas expelled between 5 and 8 months of gestation and occasionally from stillborn cases. Mean gestational age was 236.37 ± 66.36 days, and placental lesions were similar to those induced by S. zooepidemicus.
Discussion
Microbes that cause placentitis include bacteria, fungi, viruses, and protozoa, 1, 10, 11, 13 but bacteria are the most important pathogens isolated from the equine placenta. 13, 14 The most commonly reported pathogens associated with equine placentitis cases in previous studies have been S. zooepidemicus, fungi, E. coli, P. aeruginosa, Enterobacter sp., and K. pneumoniae. 5, 14, 16, [18] [19] [20] The frequency of bacteria or fungi isolated or demonstrated from the placenta varies with geographic area and changes with time. Whitewell 20 reported a high incidence of mycotic placentitis in a 10year study in England. In the present study, fungi were an important cause of placentitis but did not play a leading role. Prickett, in 1970 , mentioned that Clostridium spp. induced emphysematous placentitis and was 1 of 4 important bacteria that cause abortions. 14 In the present study, emphysematous placentitis was not identified, probably because of better medical care of the mare in recent years. The present study revealed 2 new bacteria, Leptospira spp. and a nocardioform actinomycete, as important pathogens that can induce placentitis. Leptospira spp. were the second most and the nocardioform actinomycete was the fourth most prevalent bacterium in the placentas in this study (Table 1). Leptospira spp. have not been considered as an important pathogen for equine abortion, [16] [17] [18] [19] [20] probably because of the difficulty in isolating or detecting this pathogen. By using the microagglutination test on fetal fluid, the fluorescent antibody test on fetal tissues and placenta, and a silver stain on histologic sections of every aborted fetus and stillborn foal, Leptospira spp.
have been demonstrated as 1 of the leading causes of placentitis and abortion. Leptospira spp.-induced placentitis was unique in this study in that it was the only pathogen that consistently caused a diffuse placentitis and that originated hematogenously. A large number of spirochetes were present in the placental sections.
The nocardioform actinomycete is a gram-positive, filamentous, branching bacillus. It induced a focally extensive chronic placentitis that grossly mimicked mycotic placentitis. The distribution of the lesions induced by the nocardioform actinomycete was unique; it frequently affected the junction of the horns and the body of the allantochorion, whereas common mycotic placentitis mostly involved the cervical star area. The bacterium is not easily detected in HE-stained sections, which is probably why this unusual placentitis has not been reported. Placentitis induced by this nocardioform actinomycete frequently is associated with adenomatous hyperplasia of allantoic epithelium. 7 Histoplasma sp. induced a multifocal placentitis that involved the entire placenta and apparently spread via the blood stream through the endometrium, whereas filamentous fungi caused a focally extensive placentitis at the cervical star area that expanded from a focal ascending infection.
Streptococcus zooepidemicus and E. coli are ubiquitous in equine surroundings. Both bacteria are capable of causing acute placentitis with bacteremia in foals at or before midgestation. However, interpretation of bacterial isolation must be made with great caution when these 2 bacteria are isolated from lategestation foals. The number of bacteria isolated, concurrent isolation of the bacterium from fetal organs, and distribution of bacteria in the lesion are the criteria that should be applied to determine the association of these 2 bacteria with placentitis.
With the exception of Leptospira spp., most cases of bacterial or mycotic placentitis are ascending infections. 9, 17, 19, 20 This present study supported this finding. The bacteria isolated from the placenta were comparable to those isolated from the outer genital tract. 6, 5 The lesional distribution also supported this ascending infection hypothesis, especially lesions caused by fungi and those of chronic placentitis, which frequently affected the cervical star area. 9 However, some bacteria were able to reach the placenta via the blood stream, especially those cases in which abortion occurred at earlier gestational age and bacterial emboli were ob-served in the placenta and fetal tissues. In this study, we found that Leptospira spp. invariably caused placentitis via the hematogenous route, and leptospiral placentitis was frequently diffuse.
Typical circumscribed granulomatous lesions in the placenta have rarely been reported in the equine placenta. Cline et a1. 3 reported a discrete granulomatous lesion in the amnion and the allantochorion in a Standardbred foal caused by the Mycobacterium avium complex. Histoplasma sp. was the only pathogen in this study that induced a discrete granulomatous lesion.
Gestational age plays a major role in the development of the placental lesions, although microbes also dictate the reaction of the placenta, which might be associated with the ontogeny of the immune response. Placentitis associated with foals expelled at early gestation was frequently acute and bacteremic, with a mild neutrophilic infiltration in the intervillous spaces. In contrast, placentitis observed in late gestation was usually focal and chronic, with a severe tissue reaction. However, bacteria such as the nocardioform actinomycete and fungi were only able to invoke a chronic and focal but severe tissue reaction, whereas Leptospira spp. were the only bacteria that often caused a diffuse placentitis.
This report presents an overall picture of equine placentitis observed in central Kentucky. The results indicate that, in addition to S. zooepidemicus, E. coli, and fungi, Leptospira spp. and a nocardioform actinomycete were also important pathogens associated with equine placentitis.
